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EDITOR'S NOTE 

Special thanks to several 
people who contributed photo- 
graphs or other historical materi- 
als for possible use in this issue: 
H.W. Russ, James Osborn, 
Clarence Courtright, Harold Ag- 
new, E.O. Swickard, Dave Shaf- 
fer, Bob Carpenter, Ken Roe- 
buck, and Ed O'Mara. There was 
space to use only a small portion 
of the photos and other materi- 
als loaned to PUB-1 for consider- 
ation, but we thank all of you for 
your thoughtfulness and res- 
ponse to our call for help. 

Special thanks also goes to 
Jeff Pederson, the new editor of 
The Atom. Jeff interviewed Ha- 
rold Agnew, Charles Browne, 
Robert Thorn, and Richard Tas- 
chek and prepared the interview 
information for use in this issue. 
He also took photos of the 
Director and associate directors 
and assisted with production of 
this issue in many ways. 

Los Alamos Scientific Laboratory, an affirmative action/ 
equal opportunity employer, is operated by the University 
of California for the United States Department of Energy. 



Los Alarrios Scientific Laboratory 
has been in the business of re- 
search since its inception during the 
Second World War, originally to 
meet the derriands of a singular 
effort - to build a n  atomic bomb 
. -  but over the years, the research 
has broadened to provide the 
United States with an irnpressivc 
technology base. 

An atomic weapon was put 
together herc and tested in the 
southern part of New Mexico. From 
that blast, knowledge of nuclear 
energy has mushroomed, and the 
growing knowledge has been, is 
being, and will continue to be used 
to crwte beneficial products and 
scrvices for mankind. 

The Laboratory has moved stead- 
ily away .from a single purpose for 
cxistence .~ that of designing 
weapons - -  to a more varied 
resea rc h effort . 

Much is being done now to 
explore alternate sources of energy, 
and 1.ASI- is playing a big part with 
its hot dry rock geothermal, solar, 
and nuclear fusion and fission 
researcli. There is experirrienta.tion 
iilso into ways to get more out of 
fossil fuels, a s  well as other potcn- 
lial sources of energy. 

Weapon design and development 
still accounts for about half of the 
Laboratory’s funding picture, but 
the money frorn weapons programs 
has created ”spin-off” research 
programs in rriany areas. 

So, after 35 years, Los Alamos 
Scientific Laboratory is very much 
alive amidst its ever-expanding 
technology base. Its role in re- 
search for this coirntry is growing in 
importance, arid over the next 35 
years, this growth is expected lo 
conti n ue. 
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Harold Agnew 
Talks About 
The Laboratory 

In what aspects has the role of 
LASL changed over the past 35 
years? 

It's clear the emphasis has 
changed, and that we no longer 
have only one primary objective. In 
1943, we wanted to establish a 
technology base for nuclear weap- 
ons and that hasn't changed. Now 
the technology base has broad- 
ened, and we-attempt to use it for 
specific projects for the overall 
needs of the country. A 9 O PC3 1 T h a r ~ t  ~ ~ D U N Q  

Is there a single greatest accom- 
plishment of the Laboratory? 

Yes, it's being recognized as a 
scientific laboratory, and that's 
been highlighted through our work 
in major scientific fields. Histor- 
ically, of course, the world will 
remember the A-bomb. There's no 
question as far as its impact on the 
world social order. 

Do you foresee the role of LASL 
changing in the future? 

No, our responsibility to provide 
the technology base will continue. 
We have more challenges in ener- 
gy, but science is science. We will 
probably see more interaction in the 
"soft" sciences, political and social 
fields. People working with fission 
energy haven't properly educated 
the public and alleviated the fears 
with respect to the benefits of 
nuclear power, and haven't said 
how their worries are amenable to 
technical solutions. We will have to 
spend more time interacting with 
policy makers, the press, and the 
public. 

What contributions will we be 
making to our society? 

We will make them in defense, 
with our contributions to the overall 
technology base, and through 
bright ideas including programs in 
applied photochemistry, laser fu- 
sion, biomedical research, magnetic 
fusion programs, super-conducting 
research, hot dry rock, and mate- 
rials science. 

"If we don't take some positive How has the relationship be- 
steps, we may end up being a tween the Laboratory and the 
farmers' market with central heat- government changed since 1943) 
ing." - Harold M. Agnew The major changes have come 

with the transition from the Atomic 
Energy Commission, to the Energy 
Research and Development Admin- 
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i:jtri1tiot.i, to the I>t!pattmct-it or' 
Cinergy. 'The national labs were the 
prirno rriusclc of lt-ie AEC arid were 
ui,iIi;/od. Now, ijrio has the foeliiig 
the lLi3bS at Limes arc: i ir i  ctmbatrass- 
rnotii, and arori'L convidcrccl as 
asset a cutting odge to help 
solve problem:; l o r  tilo DOE. 

Cotigress has always had ;I r ia. .  
tiorial lab atlvncacy, but today ,the 
support is riot cwitr;ilized. Corn-- 
rriittees in Lhe I - l ~ ~ i i s e  anti Sotiatc 
clon't always spoak i.ogether. We 
sotn(:iir(ies get caught iri .the? midtlle 
of internal quibbling. -I tic r i w v  
group of Congrossmeri has no 
corporate rricrnory, and views 11s ;is 
any other contrac:.ior vvith i ts hands 
out. Outside Ncw Nlcxico, rriaiiy 
Con $1 ressrrt on do I i "1 k t i  ow w ti:] t vvc 
do 

Do you think ~vw ' l l  continue .lo be 
operated try the IJniversity of Cali- 
fornia? 

I don't lkriow. EZact-i d a y  I Iiavc 
more toservalion:; whcthot- it's in 
ILASl.'s hesl intwcxt. There rriay kx? 
ii change O ~ E :  of these days. 
-1here's a lack rrI positive supporl- 
for us in C:alifo;'ni;i, arid a change 
tuiight be better for 11:; and for ttiu 
govcrriment. I bc!lievo there arc 
i j  I to r t iat i VC) a r ra t i  g e mc! i 1.1s t ha i n i i g t i  t 
prove beneficid 1.0 all those pres- 
oiilly irivolved. 

Will l.ASL. conltinuc! to grow in 
size? 

We foresoc litllc growth under 
prcsent DO E gii itlelir-ies, pertiap:; 
otie to two pei'corit annually. Wo 
triight tie i I t  optitnumi size riow. Wo 
don't have the! iacilities, arid i t  
would bc pretty awful w i h  r'rioro 
than 1,000 additiot-ial people. 

\Nil1 Lawrence Livermore and 
LASL IE splii into one weapons, 
arid oiic noweapons, facility? 

It could happeti, but tho hislory 
of cotnpetilioti IS deep seated. In 
itio di:;tcirit fiitute, i f  we exl)erience 
profound culs i r i  funding, I would 
ialher soe one healthy lab Lhan two 
CI IppIE!s 

Hat-; the LL I -I.ASL competition 
siticc l!lB bcsw healthy? 

It':; bttcti hc ilttiy in the past, but 
rriay be coslly for the Uniictl Slates 
in m r i o  regdttla, Itinovations don't 
happen so ollcn rls they orice did 
br:causo we ktiovv rriore and niore, 
atid wo pay H price for every 
" I m p "  t'oople also have 20 fight 
h;iidt:r and hart-lcr, to gct lcss and 
lox; itom ii ctrpl)o,ird that is bccom 
i rig ba rcr . 

190 the Arrwt ican people really 
usiderstand wlnnt we are liying to 
d U ?  

I tic World Wai I I  age group 
does, rriariy young people don't, 
h i i  1he newel generation in their 
lato teens IS r m i c  back oti tidck 
rtie tjtiii-war gcmration with some 
pi otcssional dissmters in the ranks 
riu lotiger has a wrir to ctusadc 

iirist It's altmost ai; if thcy were 
Lo [he (:tusades lo Fight thc 

u ncloa n 
I h  yc~u foresee major teorganiza- 

tions? 
Ycs We've roachecl the :;iLe and 

diversity whcm wo can't manage 
cfloctivdy we drc now set up. 
W C ~  arc activdy tlisclIssing this with 
OLII senior peoplo Arid we cltd the 
"unheard of 1hiig" by hiring Arthur 
11 I tillo, corisiiltants from Boston, 
to look ovet both us and our 
plans I-'orhaps by January 1 we'll 
know riiore V V e  rnay incre,ise our 
ovt?rtie!nd wirh i;orrie changes, per- 
ticips expand this office to sttare the 
10~x1 arid gel the rioriweapons 
pc:ogle workiii(l together better Lhari 
tiow, lhe weqmris groups :eem to 
gull together tuioic If we don't take 
sotiio positivo sitps, wc rriay end 
up beiiig d f~irrnct's rriai kot with 
ccr i t rrl I i lea t i t  ici 

'I'kiore is irrcroasing dissent over 
OUI riiiclear [)olicy. What role will 
tlti:, energy play it1 our notional 
plans? 

LA s e Director 
Harold IVI. Agnew 

Harold M. Aynew, 57, became 
Laboratory Director in 1970 after 
loading the Weapons Division for 
several years. t-le was part of the 
group that worked with Enrico 
Fermi at the University of Chicago, 
where man first initiated and con- 
trolled a self-sustaining chain reac- 
tion on December 2, 1942. Agnew 
joined the  1-0s Alamos Laboratory 
(4s it was then called) in March of 
'1943, working on the first atomic 
bomb. He flew with the 509th Hom- 
bardrnent Group as a member of 
the scientific team on the first 
n uc lea r strike ag a i t i  at t l  i ros h i ma,  
Japan, in August of 1945. He 
received his doctorate with Fermi in 
1949 at  Chicago and returned to 
Los Alarrios after a three-year 
educational break. Agnew has held 
a tiumber of positions at the 
Laboratory, and was on lcave for 
2% years in the 1960s to serve as  
scieti'tific advisor at  NATO head- 
quarters in Paris. He has also 
served 'two terms in the New 
Mexico sta'tt? Senate, is a Woodrow 
Wilson National Fellow, and has 
been on the New Mexico Iicalth 
and Social Services Board. He is 
the former chairman, and is a 
member of, the Gerieral Advisory 
Committee l o  the Arms Control arid 
D i sa r r1 i  a me n t Agency. 
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I don't know. It should have 
assumed a role no less important 
than coal. In terms of efficiency, 
environmental impact, and avail- 
ability, nuclear power is clearly 
superior to anything but hydroelec- 
tricity - and then there are people 
who don't like dams. The sun is 
okay for some applications, but it 
won't do it all. I'm discouraged we 
couldn't move with the light water 
reactors, the breeder reactor, and 
fuel reprocessing faster than we 
have. 

Do you identify any crying needs 
at LAS L? 

Yes. We are desperate for space 
to consolidate our efforts. Most all 
of the "newer" divisions, for ex- 
ample, are geographically dis- 
persed. The support complex will 
help a lot in three years. 

Is Los Alamos now regarded as a 
"real" county by other New Mexi- 
cans? 

The frictions are mostly gone. It's 
clear we are a county, that we 

3\18 qaalrs ddd: C1,dnt-J cow 

employ people from a hundred 
miles away north and south, and 
the state House and Senate leaders 
have been constructive, There are 
still some differences - even within 
Santa Fe itself there are. 

What made you come to LASL? 
The real reason I came was 

because Oppie liked my wife Bev- 
erly. I came myself in March, 1943, 
and she stayed in Denver to see 
family members. One Sunday after- 
noon by the Big House, I came up 
to Oppenheimer "puppydog fash- 
ion" and said, "I'm here." He 
asked me where Beverly was, 
making his point clear. She came 
two weeks later. 

How did your motion pictures of 
the first atomic bombing stay out of 
military hands after you flew on the 
Enola Gay's escort plane, the Great 
Artiste? 

I got them back here, through a 
lot of lying and hiding, despite 
General Groves. I was the only one 

N* OC wn+Li )S  N 5 L f ;  

LASL Director Harold Agnew, far right center, heard briefings before the 
Enola Gay carried its atomic bomb to its Japanese target in 1945. Other 
people at this briefing include Paul Tibbets, front left, and behind Tibbets, 
Norm Ramsey, Chuck Sweeney, Don Mastick, Luis Alvarez, and Dick 
Ashworth, among others. 
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that had the films, but I never 
physically had them on my trip 
back to Los Alamos, starting from 
the Marianas Islands. The gum- 
shoes would check me at every 
Pacific stop. A buddy of mine tried 
to arrange a deal without my know- 
ledge with Collier's magazine. But 
he could't deliver any pictures, 
since I had them, so eventually I 
got turned in out of spite. I, gave 
them to a guarded courier, who 
later gave the films to me, and back 
in Los Alamos I made a break for 
Oppie's office before they could 
collar me. 

The anti-nuclear people don't 
understand how paranoid we were 
during the war. It was Justice Earl 
Warren, then governor of Cali- 
fornia, who ordered Japanese 
Americans locked up during the 
war. If I were a lawyer, I believe I'd 
get a coalition together and attempt 
to get back the property that was 
lost in California and other states by 
those families. I'd also try to find 
out who acquired those properties 
while owners were absent. If you 
really want a human rights crusade, 
that's it. It's just starting to come 
out now, slowly. 

We were really frightened. In 
Chicago with Fermi, we talked 
about the possible German bomb 
activities at almost every lunch. We 
dreamed abut how to screw them 
up, and about who would be 
successful first. 

How would you compare J. 
Robert Oppenheimer and Enrico 
Fermi? 

Fermi was a great, warm-hearted 
genius, and he helped everybody. 
He liked young people and physical 
activities, hiking, tennis, skiing. 
Oppie was more distant, reserved, 
and brilliant. He tried, but he was 
not as understanding, warm or 
broad as Fermi. Fermi would try 
anything, all kinds of outdoor 
sports. Fermi said, "It takes me a 
lot longer to understand something, 
and when I do, I realize the person 
explaining it doesn't really under- 
stand." He even said that about 
Oppie. I clearly am a Fermi fan and 
am biased in attempting to com- 
pare the two. 



110 you feel !lie role of LASL has 
changed aver the past: 35 yeaisl In 
what aspects? 

Wr! wcre bot n as a weapons lab, 
m d  that's what w e  were foi over 
licJ1 of our IifcLime. 1 he fir:,L big 
tleviation froin tliat was the Clover 
prngt arri, beginiiing in the rriid- 
1950: I Si  lice tlion , nonwec IpOris 
work tias prolitcrnled, c~lttiough 
iriost of our oftorts arc in  Ihc 
iiuclear arena W h a t ' s  rriosi itripor- 
tnnt IS we're sti l l  'I tescarch arid 
dt?velopmc?nt latioratory 

What has btxn tho Laboratory's 
single gt eetest aceornplishmei i t 7  

I hc wartime homb prograin, 01 
course and its scqual, i l ie  
Tticrimmuclear progtarn o l  i l ie  
1 960s. 

With regard ta OUT 
prime contribiitions 
making? 

I hope that vve will 

society, whai: 
will wt! tie! 

he continui rig 
our weapons role to ensure that \.tic 
national capability is second io 
none in the world. Wc will also be 
aclivt: in the energy arena, hul you 
don't know what you will discovcr 
fivo years from rww. 

Will we continue to be operated 
by the University of California? 

Certainly for .tho near futuro. The 
curr'ont contrac:l: runs through 19R2, 
arid the rolatioriship will alrnost cer-- 
ta i t i  I y con tin L i e  II n t i I then. 

Could I-awrcnce Livcrmorc:: and 
LASL.. be split into one weapons, 
and one nonwcapons, Laboratory? 

The one-weapons lab quosticu-1 
ha:; come up many times. TIIF! 
outcotnc probably will be dt-ivcm by 
outside ci t ~ u  trl!j t i 3  n ce!; . If this co I) t i - -  
Iry sharply dituiinishcs ii.s weapons 
progtam, for example, two labs 
may not be neixled. 

"Any l ime you get the gravity 
machine to run, we won't need 
nuclear power plants." - Charles I .  
Browne 

''IIri something as  important 
to the United States as  
t-I u clea r weapons ea pa bi I i t y  , 
-]ere is something like 

insurance with the two labs. 
7-t-r~:re has always been 
give and take. I I  
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Has the competition between the 
two laboratories been a healthy 
one? 

In something as important to the 
United States as nuclear weapons 
capability, there is something like 
insurance with the two labs. There 
has always been give and take. 

Do you feel the American people 
really understand what we are 
trying to do here? 

I doubt it very much. Fifteen or 
20 years ago, if you would happen 
to mention in casual conversation 
with a seatmate on an airplane that 
you were from Los Alamos, there 
was a fair chance that the person 
would at least have heard the 
name. Today, you would be most 
likely to get a blank stare. 

In light of LASL's accomplish- 
ments with radwaste disposal, nu- 
clear safeguards, reactor design, 
and soYorth, should we be spread- 
ing the word more regarding the 
positive side of the nuclear coin? 

Of course. The nuclear debate is 
a dumb one until someone comes 
up with a better alternative. It's 
okay to say nuclear plants are bad, 
but is coal then good? Any time 
you get the gravity machine to run, 
we won't need any nuclear power 
plants. 

In 1943, it's been written, the 
average age a t  Los Alamos was 24. 
Now it is close to double that. Does 
this make for a difference in the 
personal fabric here? 

One writer has said the war- 
timers here thought anyone over 35 
was old. And someone "aged" is 
always five years older than you. In 
1943 things were more exciting, to 
be sure, and there was a young 
staff with an urgent mission. 

Has Los Alamos been given 
status as a "real" town by other 
New Mexicans, or is there a linger- 
ing stigma attached to the county? 

We are not a representative New 
Mexican town, but we certainly are 
considered a fixture and a part of 
the scene. Those of us who have 
been here awhile have been heavily 
converted to being New Mexicans. 

Some have said the military and 
weapons RBD budgets require 
more scrutiny by Congress. Do you 
agree? 

Any budget of the size of the 
military and weapons RBD budgets 
certainly deserve scrutiny. By the 
same token, the much larger pro- 
curement budgets deserve much 
more. 

Does LASL have any crying 
needs, in terms of people, build- 
ings, or equipment a t  this time? 

We need the support complex, 
for 500 employees, desperately. We 
need to remove the too-many 
temporaries and get away from the 
rental spaces. Our first need is 
always bright young people. Our 
second need is to upgrade our 
facilities . 

Administration : 
Charles Browne 

Charles I. Browne became 
LASL's associate director for ad- 
ministration in 1976 after serving 
two years as assistant director. 
Now 56, he received a Ph.D. 
degree in radiochemistry from the 
University of California at Berkeley 
in 1952. Browne was a member of 
the U.S. Air Force from 1942 to 
1955 and was a military staff 
member at Los Alamos from 1952 
to 1955, when he became a Labor- 
atory employee in J-Division. He 
has been leader of J-Division, parti- 
cipated in weapons tests from 1952 
through 1974, and is a co-dis- 
coverer of elements 99 and 100. 
Browne is a Fellow of both the 
American Physical Society and the 
American Institute of Chemists. 

Rows of hutments were home to many early LASL workers 
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I$ rt Thorn 
tiow has L/\StI_'s role changed 

over the past 35 years? 
We do less wcaporis work than 

wc once did, act a percentage of our 
t)udget, but funding pattorns have 
changed too In 1943, tho whole lab 
wds operated frorn the same fiintl 
Now, wc arc? rriulti lundocl, arid 
there seem to he more barricrs i r i  
gottirig help Iron1 people Sotric of 
ihc smaller ptograms can't spare 
Iho holp oi any of their money And 
R p t o g r r l ~  rndringer rnay w r y  wcll 
be a inan in Wahington 

W h a t  has ktecxi LASL's greatest 

The boinb. All others must pale 

Iiow do you foresee the role of 

For t h e  rwtt  10-20 years, lhere 

nccomplishmetrt? 

bositlc! that. 

LASL c:hanging in thc future! 

"I'm surprised how many don't 
know about us any more, even 
though defense tates pretty highly 
in the national ptrlls." - Robert N. 
1 hnin 

will still be a requirement for a 
weapons program, and as our 
ptirriary putpose, that will be the 
one thing you can hang your hat 
on We will work on energy pro- 
grams too, but there is less o l  a 
focus on continuing programs in 
that field If we gel good results 
with energy, iiidustry will take it 

What pritne contributions can we 
make for our society? 

Aside frotn weapons, contribu- 
lions cdn t)c in long term energy 

OVCt 



projects, including laser fusion and 
the breeder reactor. We must 
constantly examine programs deal- 
ing with the fuel cycle, safeguards, 
and security to make sure informa- 
tion and material doesn't fail into 
unauthorized hands. 

We have a unique facility here - 
remote land, a computer center, 
our history of plutonium handling, 
our high explosives capability. The 
latter has implications for conven- 
tional warfare and for underground 
rubblization to obtain coal products 
in place. 

Weapons: 
Robert Thorn 

Robert N. Thorn became the 
associate director for weapons in 
1976, moving from his position as 
leader of TD Division. Thorn is 53 
and a Purple Heart recipient from 
World War I I  combat with the 75th 
Infantry Division in Europe. He 
received a Ph.D. degree in physics 
from Harvard University in 1953 and 
joined the Laboratory that year as a 
staff member in T Division. He had 
worked in Los Alamos as a summer 
graduate student in 1949. Thorn 
belongs to many national societies 
and received the Ernest 0. Law- 
rence Award from the Atomic 
Energy Commission in 1967. 

How has the relationship be- 
tween LASL and the government 
changed since 19431 

As time goes on, we get farther 
down in the organization. Once, 
LASL and the Atomic Energy 
Commission were one and the 
same. Now, we're down in the 
Department of Energy bureaucracy, 
which thinks more about yester- 
day's problem solving. 

We had the Joint Committee on 
Atomic Energy until 1976, now we 
have 10 committees to talk to. 
Taxpayers now take a closer look at  
government programs, asking of 
the need for many of them. People 
are also looking a t  environmental 
impacts, which is a great change. 

How do you foresee future fund- 
ing here? 

Our rapid growth of the past five 
years is about over, and we'll stay 
about the same for awhile. 

Will the Laboratory continue to 
grow in numbers of employees? 

We are close to the optimum 
now. We have to catch up on 
office space before we can talk 
about growth. If we are limited to a 
few per cent per year, that wouldn't 
be bad. 

Could Lawrence Livermore and 
LASL be separated into one non- 
weapons, and one weapons, faci- 
lity? 

It's a strong possibility for the 
future. There have been studies on 
that. 

Has the competition between the 
two laboratories been a healthy 
one? 

Yes, and it is a strongly compet- 
itive relationship now. But there is 
also a great amount of cooperation 
at the working level. 

Do you feel the American people 
really understand what we are 
trying to do? 

Most people don't even know we 
exist. I'm surprised how many don't 
know about us any more, even 
through defense rates pretty highly 
in the national polls. 

What are we doing that benefits 
the American people? 

Everything in the weapons pro- 
gram is of benefit. We are doing 
work for the Trident, Minuteman 

and Cruise missiles, and for the air- 
carried lay-down bomb. 

Does LASL seem different in 
scope and philosophy now, com- 
pared with when you began work- 
ing here? 

Sure. It was all weapons 25 years 
ago, and I was part of it as a 
designer. Now we have lasers, 
reactors, the Meson Physics Facil- 
ity, and so forth. 

What part will nuclear power play 
in America's energy policy? 

Nuclear power is the only way to 
go. We have no choice. I think 
more people will see that. 

Should we be spreading the 
word more regarding the positive 
side of the nuclear coin? 

We try to advance the arguments 
for nuclear power and promote the 
safe, controlled use through our 
safeguards program. We also per- 
form studies, and know the dangers 
from coal plants may exceed that of 
nuclear plants. It's a fully thing - 
when a propane truck in Spain 
killed many people in an accident, 
people yawn at the news. But 
when the story deals with nuclear 
power, people perk up and the 
press blows it up. 

"We must 
constantly examine 
programs dealing 
with the 
fuel cycle, 
safeguards and 
security to make 
sure information 
doesn't fall into 
u na ut  ho r i zed 
hands. I '  
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In 1943, Ihe avetage Los Alrmws 
ago was 24, arid now it is :iome- 
where around 44. Does this chatige 
thc persotid labric here? 

Thcrc werc: ;I l o t  of youtiger 
Army people tieru in 1943, hkirig 
c m  of tho town, so 11's appks dntl 
oray les Now, wc have less tiirn 
over, and people tjtt~y or1 tho lob 

Du you feel 1 os Alamos has bcwr 
given status as a "real" New 
Mexico cotmrriunity after 35 years of 
existence? 

I ih i r ik  we're> considered to be 
ditfeient citid I think in [act we arc '  

difiweiit. Hc:ro the population is needs right now? 
1 air I y cc)  n s idc r i ng 
1. t 1~ FKI LI ca t i o r i  ;a I I eve1 , for exa r-n p I e. 
Ttiere is no placc in (he 1J.S. with 
such a sirnilariLy or interest. 

Could the recently passed Propo- 
sition '13, which cut California 
prnperty taxo:;, affect L A X ?  

Yes. Wo work -for the Univtxsity 
of California. L\ny cutbacks could 
b c ?  Ihnkot  edicts, like a wage 
froezc, lor it-isl~anr:e. Fringe benefits 
coiild possibly he affected. 

I h e s  I-ASI- havc any crying 

t i o rri og o 11 eo u s , We need office space, and the 
Theoretical Design Division has the 
least per person of any division. 
And our computing demand is 
always greater than the computer 
time supply. 

Does the military R&D Budget 
require more scrutiny, as some 
suggest? 

We're getting more scrutiny than 
we did before. Eventually, over- 
regulation is couriter-productive, 
and you can't get anything done. 

Asitlo from weapons, how has 
LASL's role eh;lnged tnstjt since 
19437 

It1 the early 1970s, we started 
taking resporisibility for nalional 
oiiergy I esearch programs. The 
Atorriic tnetgy Act was changed 
thrm too, to ;illow [he AEC to 

engage in non-nuclear programs, if 
they had national importance. Until 
then, we were almost totally a 
nuclear weapons lab. 

What have been the Laboratory's 
greatest accomplishments? 

Our initial weapon assignment; 
then thc fiist fusion weapon. But 

"There is a t~:ndency tu wait for 
Wasliington lo tell us what to do, 
but that's bad far LIS - it coiild kill 
thc! I,ih." - Richard F. Taschck 



there are many other things that 
have gone into books or on tape, 
upon which other accomplishments 
have been built. The public doesn't 
see many details of work in atomic 
nuclear research because of its 
highly specialized nature. 

How do you see LASL's role 
changing in the future? 

What we do, I hope, is deter- 
mined by people with innovation 
and initiative. There is a tendency 
to wait for Washington to tell us 
what to do, but that's bad for us - 
it could kill the lab. Our role in the 
weapons business will remain as 
long as the country wants it, but 
we must also anticipate what our 
present and future national prob- 
lems are and tell people in Wash- 
ington. 

In some government laboratories, 
the people have been ground into 
the dust, and don't think "new" 
any more. We must try to under- 
stand how to implement something 
that's only an idea, which Washing- 
ton cannot accomplish. 

" Relations with 
the Department 
of Energy are 
quite poor" 

What prime contributions can we 
make? 

The energy assignment - a real 
national problem. Agencies also 
have perceived requirements, such 
as doing something instantly for 
voters, the Congress, or the Presi- 
dent, but the problem may take 25 
years to solve. Our capability lies in 
working on very difficult problems 
that usually don't have short range 
answers. 

Our next major effort could well 
be in climatology, not just the 
weather. What are the forces which 
affect world climate over 10, 50 or 
more years? This is very energy- 
related, as we saw last winter, and 
there is a national interest develop- 
ing now. We have local programs 
with solar/terrestrial relationships, 
such as barium releases and iono- 
spheric charges and the solar wind. 
Programs now here for other rea- 
sons could be brought together. 
Waste management, a similar case, 
is in half a dozen divisions presently. 

How has the Laboratory's rela- 
tionship with the government and 
Congress changed over the past 35 
years? 

For most of the Atomic Energy 
period we reported to one joint 
Congressional committee. Things 
went smoothly, money was avail- 
able, and we had the Manhattan 
Project reputation. One could talk 
to the AEC Commissioners, and a 
fair share of them were scientists. 
Now, it's more complex and it's 
difficult to talk to upper-level agen- 
cy heads, or even lower-level ones. 
Many at best are managers, and a t  
worst, professional bureaucrats. 

Relations with the Department of 
Energy are quite poor. It's the same 
with other labs. They are true 
national assets, but there are strong 
forces to break them up. However, 
universities and industry won't do 
the weapons programs. 

How do you foresee funding and 
personnel growth here? 

We clearly can't grow at the 
rate we have been recently. It's 
difficult to manage, and we have 
constraints in geography, water, 
and transportation. Over the next 
few years, we'll probably stay quite 
stable. 

Has the competition between 
LASL and Lawrence Livermore 
been a healthy one? 

In general it has been favorable. 
You have to remember the com- 
petition takes place in early con- 
ceptual phases of weaponry. The 
labs' output has been the sum of 
LASL and LLL; we haven't made 
identical versions of projects. 

Do the American people really 
understand what we're trying to 
do? 

Not beyond the "weapons lab" 
definition. Most would say that's a 
good thing, but the voice you hear 
most loudly is that of a minority. 
Most of the general public under- 
stands the implications, if not the 
details. 

Research : 
Richard Taschek 

Richard F. Taschek, 63, came to 
work at Los Alamos in April of 
1943, as a Physics Division staff 
member. He was named associate 
director for research in 1972, after 
serving as P-3 group leader (1945- 

581, P-Division alternate division 
leader, and P-Division leader (1962- 
70). Taschek received a Ph.D. 
degree in physics and mathematics 
from the University of Wisconsin in 
1941. He participated in fallout 
studies of the 1945 Trinity Site blast 
and other weapons tests through 
1962. Taschek has co-authored 
scientific papers and belonged to 
numerous national committees. He 
is a Fellow of the American Nuclear 
Society, the American Physical 
Society, and the American Associa- 
tion for the Advancement of 
Science. 
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Are ttiere any riew programs we 
may be undertaking? 

Wrt've recently engaged in ;iccel- 
et a tor dcvelo prrienl tec t i no1 og y , 
arid in laser chemistry to process a 
varie.ty 0.f materials. We'ro not 
.fighting for large programs now, 
but vve'd like 1 0  take 011 a role in 
wast.e ryia nagernen t , in geological 
sc: i e r i  ce in pa rt i c I) I a r . 

What part will nuclear energy 
play in our national policies over the 
next decades! 

I pcrsonally f e d  [tic nation has lo 
use nuclear ent?tgy. Thero is tic) 
qucsliori abou-t it, including the 
breeder reactor aiid fuel reprocess- 
ing. O u r  stance, for political rca- 
sons, is jus1 dumb,  tcchnologically. 
I J  nfortu na tely , p ressu re group:; 
have become powerful - partly 
because we in the scienlific CCJIn- 
rniunity haven'i answered question:; 
properly. BUI if these groups a l ~ .  
tackr?d other i?nergy sources i r i  a 
si rn i I a r fash i o t-i , I i ke g a so I i ric ;i r i tl 
coal, the nation could coroe to ii 
g ri n di r i  g ha It . W astn man ago men t 
prohlct-ris haven't berm answorecl i r i  
large part because a large -sized 
der-mnstratiori projeci: tias never 
becn carried out, due to tlio 
zeaiotry o.f special interest gtwps. 
- ~~ ~ 

Should we be saying tmrc about 
the benefits of nuclear pourer? 

We should, but communication 
'to t t ic I:)ublic is not our most serious 
problorn. I don't think Ihete's any- 
lliirig .to change the mind of ,those 
specis1 interest groups who set up 
roa t l k) I oc ks . C r u cia I c:o m rri u n ica ti on 
cornes down to talking to a court or 
a rc!gulatory board. Of course, if 
win'lcr:; are Ixid and there's another 
coal str-ike . . . I think coal plants 
are an abomiriation, and ii  bunch of 
legal guys are holding up our 
(? nerqy p rog I-oss. 

Has LOS Al;jrrios been ilccepted 
riuw a:; a "real" town by the rest of 
New Mexico? 

For a liltlr: while we had a 
"siiynra" bui: we're no[ .foreigners 
now. We employ a hell of a lot of 
pooplo, arid this part o-f New 
IVIexicu has c:hanged a lot sincc 
1943. I think. peoplo live together 
pr'city well. ILASL. arid Sandia 
I.atioratories have probably speeded 
up by 2.0 years [he educational 
progress a t  places like the Univer- 
sity d New Mc?xico and NMIMT a1 
Socorl-o. 

Wh;nt do 'you recall iabout per- 
sonalities and events during your 
years here? 

I've patlicipatcd widely in re- 

search, test activities, and rocket 
programs, and they were all ex- 
citing. My college years were 
changing times for nuclear science. 
Even though I was just one of the 
boys working at the lab in 1943, 
Los Alarnos was such that we were 
able to know the key scientists and 
I thought highly of them all -- 

Oppenheimer, Teller, Fermi, Ulam, 
Bob Wilson, John Williams, Bethe, 
Weisskopf . 

Oppenheirner was gentle and had 
an incisive mind. Fermi was a really 
nice guy, respected by all. He could 
solve problerris off the top of his 
head. He worked on theory, he 
worked in the lab, he was the niost 
outstanding scientist -- arid person 
.~~ of the group. I also got to know 
Norris Bradbury (Director from 1945 
to 1970) very well arid think very 
highly of him. 

We got to know international 
scientists during the 10-year period 
after the war. We're still one of 
three or so major scientific labs in 
the world today. liigh energy phy- 
sics is the only area we're not 
strong in. This gives us foreign 
visitors and helps us hire bright 
young people. If the general public 
is unaware of us, that's not true of 
thc scientific community. 



The Push 
To Build 
A Bomb . . .  

The remote area of New Mexico 
selected in 1942 for the Los Alamos 
Scientific Laboratory, as it was to 
become known, was the Los Ala- 
mos Mesa of the Pajarito Plateau, a 
7,3OO-foot-high, pine-forested shelf 
of the Jemez Mountains 35 miles 
northwest of Santa Fe. 

The mesa, aside from a few iso- 
lated ranches and homesteads near- 
by, was occupied only by the Los 
Alamos Ranch School for boys. 
Here, in some 50 log buildings, the 
Ranch School since 1918 had 
conducted for 40 to 50 boys yearly 
a preparatory school with ranching, 
camping, riding, and other outdoor 
recreations. 

Radioactivity had been discov- 
ered before 1900. Yet the possibility 
of the release of large amounts of 
energy by nuclear chain reaction 

was not realized until the announce- 
ment in January, 1939, of the 
discovery of fission and its experi- 
mental confirmation, and that fall 
U.S. scientists stepped up research 
into nuclear energy. 

Immense stimulation was given 
the work by 2 significant events: 
entry of the United States into 
World War II on December 8, 1941, 
and initiation of the first nuclear 
chain reaction on December 2, 
1942, in the Metallurgical Labora- 
tory of the University of Chicago. 

Wartime development of the 
atomic bomb began in 1942 under 
direction of the Office of Scientific 
Research and Development. J. Ro- 
bert Oppenheimer undertook inves- 
tigation of its theoretical possi- 
bilities at the University of Cali- 
fornia in Berkeley with a small 

b~pq H D .  63rddo l  &\e$ ksA.ar 
An aerial \1 iew of the Ranch School before Laboratory development 

12 



g IOU p of p rorn i I 1 en t p t i  ys i c i s i  s . 
Uy October \:heir theoretical 

studies h a d  progressed to the poit-it 
whera actual experirnental work 
VVDS riecessary. Scveral localions in 
the Southwest were surveyed as 
possiblc! sites for t h e  required now 
Iah-atory -- iricluding the Rnrich 
S ch 00 I where 0 p pe t i  hei mer h i3 d 
visited on pack trips Irorn liis 
sumimr home in ttie nearby St1ngt-e 
cle Cristo Mountains. 

The! decision was made to cc:nlur 
the weaport research, called Projoct 
Y, a1 the 1.0s Alamos Ranch 
S ch oo I . G ovo r f i  i n g c:o n si d e ratio n s 
for its choice were the secrecy and 
safety that its iw io to  and isolated 
location provided. Mild winler:; 0 1 -  

fc! red upporti.~ nit ies for 011 tdoor 
wotk throughout ttie year. The 
Ranch School buildings also could 
easily accornrriodate the '100 or so 
:;cistitisls and ttieir families who, it 
was bolieved, would be all that 
were required. 

On Novctnber 25, 194-2, the 
Under--secrt:tary of War directed ac- 
quisiliotn of tht, site. .This ultirrintely 
r:ornpriscd about 800 acres of ranch 
property, 2,900 acres in home- 

steads and grazing land, and 45,000 
acres in public domain land super- 
vised by the Forest Service. 

Early in December the first con- 
struction crews arrived. In January, 
1943, the {Jniversity of California 
was selected to operate the new 
laboratory, and a formal nonprofit 
contract was soon drawn with the 
Manhattan Engineer District of the 
War Department. (The Manhattan 
Engineer District was the code 
name for- the wartime nuclear 
research effort seeking develop- 
rncnl of an atorriic bomb.) The first 
scientists arrived on "The Hill" in 
March. 

From 1943 to late 194.5 the 
L.aboratory was devoted to its 
secret wartime mission of develop- 
ing an  atomic bomb. 

Oppenheimer, as Laboratory Di- 
rector, supervised the scientific 
research aimed at  developing atom- 
ic weapons. Maj. G e n .  Leslie R .  
Groves of the Manhattan Engineer 
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District had overall responsibility for 
the War Department. 

The list of scientific leaders at 
Los Alamos during the war years is 
too lengthy to recite completely, 
but some of them were Enrico 
Fermi, Bruno Rossi, and Emilio 
Segre from Italy; Niels Bohr from 
Denmark; John von Neumann and 
Edward Teller from Hungary; Stan- 
islaw Ulam from Poland; 1 . 1 .  Rabi 
and Victor Weisskopf from Austria; 
Hans Bethe and Rolf Landshoff 
from Germany; and George Kistia- 
kowsky from Russia. There was 
also a British contingent including 
Sir James Chadwick, Cyril Smith, 
Otto Frisch, and W.G. Penney. 

Other well-known scientists who 
came to Los Alamos included Eric 
Jette, Robert Bacher, Philip Morri- 
son, Robert Wilson, William Par- 
sons, Joseph Kennedy, Kenneth 
Bainbridge, Richard Feynman, Ed- 
win McMillan, John Manley, Nick 
Metropolis, Darol Froman, Donald 
Hornig, L.D.P. King, Alvin Graves, 
Samuel Allison, Carson Mark, 
Charles Critchfield, Luis Alvarez, 
and Norman Ramsey. 

Some of these have remained on 
the Laboratory's staff while others 
are still regular consultants. 

With these men came urgently 
needed equipment: a cyclotron 
from Harvard, 2 Van de Graaff 
electrostatic generators from the 
University of Wisconsin, a Cock- 
croft-Walton accelerator from the 
University of Illinois, and chemical 
and cyrogenic equipment from the 
University of California. 

All equipment and supplies had 
to be freighted from the railhead at 
Santa Fe by truck up a mountain 
dirt road. Temporary wooden lab- 
oratory buildings were hastily 
thrown up. Timber was felled and 
new roads bulldozed to remote 

Buying essential food for family 
nourishment 
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sites. Haste and expediency, under 
the urgency of war, guided the 
most delicate tasks. 

President Franklin D. Roosevelt 
did not doubt the outcome. On 
June 29, 1943, he wrote the 
members of the Laboratory ex- 
pressing his confidence in the 
success of their mission and his 
appreciation of their work under 
such trying conditions. 

Not only was the work trying; 
living conditions were difficult, too. 
Los Alamos was an Army post. 
Army barracks and many types of 

tarpapered dormitories, prefabs, 
hutments, and trailers provided 
most of the housing. This was in- 
sufficient, and for a time it was 
necessary for the Laboratory to 
quarter employees at Frijoles Lodge 
in the Bandelier National Monu- 
ment, 14 miles away. Coal was 
hauled in for fuel. Water was 
scarce. The roads were often deep 
in winter snow and summer mud. 

Added to these physical annoy- 
ances were military restrictions and 
rigid security controls. Laboratory 
members were not allowed personal 



con tact wil h rc-llativcs rior pcrmitttd 
to travel 1mt-e ttim 100 rniles from 
1 os Alanios. F'rornirlent scientists 
travelod under assumed names: 
Enrico Fcrrni was known as "I-lenry 
rartncx" and Nick Rohr as "Nicti.. 
olas 13akcr." The word physicist 
was forbidden; everyone was i i n  
"engirieer." 

I i.- 
cense:;, income tax returns, food 

A 1.1 I o reg is t r a l  i o n s , cl r i vt! rs' 

mi gasolint? ration stamps, and 
irisur;mx policies were handled by 
[:ode nurrtbcr to avoid the dis- 
closure of tt-ic! name:; and where-- 
aboOt$i of key prvsonnel. All miail 
Wi3S si.ibject to consorship. Incovi- 
i trig t-ria i I was add ressed si in ply to 
"15.0. IHox lEiG3, Santa Fe, New 
Moxico," an obscurity that cloaked 
.tho oxistence 0 1  I os /\lamas during 
Lhc oritire war. I t  was, in offect, 

probably the biggest post office 
box in .the world, for to it was 
addressed everything from a post- 
card to a trainload of equipment. 

Scientific progress was plagued 
by security regulations also. The 
military insisted that individual sci- 
cntilic projects be strictly cornpart- 
rrientalized and not discussed so 
that no onc could see the overall 
progress -- or purpose - ~ -  of the 

A view of LASL livirig areas, It!fr, and research areas in the early years. 
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project. However, Oppenheimer, 
knowing that exchange of ideas 
among scientists is infinitely useful 
in solving problems, balked; as a 
result, weekly colloquia were be- 
gun. They continue in Los Alamos 
today. 

In spite of all difficulties the 
Laboratory continued to grow. By 
July, 1943, there were 1,900 per- 
sons at Los Alamos including mili- 

tary personnel and construction 
workers. By the end of 1943 there 
was a total population of 3,500 and 
in December, 1944, it had grown to 
5,700. 

The development of the first 
atomic bomb was beset with many 
problems. A few of the problems 
which had to be resolved were: 

Information was needed on the 
readiness or reluctance of a number 

of isotopes to react with neutrons, 
protons, deutrons, tritons, alpha 
particles, gamma rays, and elec- 
trons. 

Methods were required for 
making pure plutonium metal and 
for forming it into yet-to-be-deter- 
mined shapes needed for use in a 
weapon. 

Safe and reliable methods and 
machines were needed for the 

Workers Stick to Jobs on ‘the Hill’ in Face 
Of Disclosure of Project’s Terrible Secre,t 

Workers at Los Alamos, many of 
them with their children and 
spouses, lived for twQ years under 
the peril of sudden death from the  
kkcrz:ories where scientists were 
concocting the greatest destructive 
force ever conceived by man. 

Revelation of the atomic bomb and 
its fantastic power gave Santa Fe 
its first knowledge of the real war 
role of the silent neighbors from 
“the Hill,” which New Mexico geo- 
graphies call the Pajarito Plateau- 
locale of the oldest civilization 
known to North America-the Cliff 
Dwellers’ - and of civilization’s 
greatest scfentific advance. 

Col. Gerald R. Tyler,, military 
commander at Los Alamos, sald only 
a few of the 6,000 in the cOmmunity 
knew the exact nature of the PrOj- 
ect, but the impression wa8 general 
that some deadly force was  housed 
in the laboratories behind the high 
wires of the “Tech Area.” 
Safety Measures Taken 

Tyler, probably as relieved as any 
that the long kept secret was out, 
said that civilian and military per- 
sonnel went about their work with- 
out indication of anxiety for their 
safety. Extreme safety measures 
were practiced, he said. 

Workers, now that they know the 
secret, have gone about their work 
calmly and, an official of the proj- 
ect revealed, none has asked to be 
relieved. 
Although laboratory methods used 

in the work have not been disclosed, 
scientists unattached to the project 
are of the opinion that the entire 
area was under the constant threat 
of destruction. A physicist from a 
nearby institution compared the 
work of delving into the little known 
field of nuclear physics to that of a 
blindfolded person walking on the 
edge of a precipice. A misstep, he 
arid, might have touched off forces 
even greater than that of the ato- 
mic bomb which devastated four 

COL. GERALD R. TYLER 

square miles in Hiroshima. 
Constant Threat 

The threat of sabotage or suicide 
bombing by the enemy was also con- 
stantly over the mountaln com- 
munity. The enemy doubtless knew 
of the existence of the project and 
the very precautions practiced to 
safeguard its secret were proof of 
the importance of the work being 
done there. Had the enemy been 
able to penetrate the nation’s bound- 
aries with agents or forays of force, 
the laboratories of Los Alamos would 
doubtless have been a prime target. 

Santa Pe residents were made 
acutely aware of the danger of the 
proximity of the station when Jap- 
anese threatened to invade the U.S. 
mainland with suicide bombers. 
Residents were sure that the near 

sighted Nip bombadiers would hit 
Santa Fe with bombs intended for 
Los Alamos. 

And most of the town wa8 stand- 
ing by a few weeks ago to see the 
project blown off the mountain side 
as a TNT laden Japanese baloon 
appeared in the skies. The gnti-cli- 
max came when the “balloon” was 
found to be the peaceful planet Ve- 
nus. 

Guarding against real assault is 
one of the duties of the military 
serving under Colonel Tyler. The 
commanding officer was assigned 
the post Nov. 1, 1944, following Lt. 
Col. Whitney Ashbridge, who, inci- 
dentally had been a student a t  the 
Los Alamos Ranch school which oc- 
wpied the site before it was selected 
for the government’s Atomic Bomb 
Project Laboratory. 
The Commandant 

The commanding officer also su- 
pervises construction, maintenance, 
transportation, housing and all post 
services. 

Colonel Tyler, an architect in cl- 
vilian life, w&s an infantry officer 
in World Wm I winning the Silver 
Star Medal, the Purple Heart and 
two FYench decorations. He was 
called to service in the current war 
as a major Sept. 1, 1940. For a time 
he was in charge of cantonment 
planning, later going to Alaska and 
Canada for service on the Alaskan 
Highway. 

Before assignment to Los Alamos 
he was director of operations for the 
Northwest Service Command a t  
White Horse, Yukon Territory, where 
he was in charge of operation and 
maintenance of the Alaskan High- 
way, the Canol pipeline, wells and 
refinery, the Alaskan telephone line, 
the White Pass and Yukon Rail- 
road and the port of Skagway. 

Colonel Tyler was born in South 
Carolina and was living in Phila- 
delphia when called into service. His 
wife Is with him a t  Los Alamos. 

An article about LASL in The New Mexican 
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placing all the temporary wartime 
buildings in Los Alamos. 

In the late 1940's and early 1950's 
a gigantic effort was made in the 
development of the first thermo- 
nuclear or "hydrogen" bomb. The 
world's first fusion device was 
successfully tested on November 1, 
1952, at the AEC's Pacific Proving 
Grounds. 

The Laboratory's primary respon- 
sibility still is research and develop- 
ment work on nuclear and thermo- 
nuclear weapons and weapons 
components. This fundamental mis- 
sion, however, has been supported 
from the beginning by intensive 
basic research and engineering de- 
velopment in many fields, including 
physics, chemistry, metallurgy, 
mathematics, biology, medicine, 
explosives, electronics, and instru- 
mentation. 

It is not surprising that the Lab- 
oratory's activities have greatly ex- 
panded - particularly in the direc- 
tion of peaceful applications of 
nuclear energy. Only About half of 
LASL's total effort is now devoted 
to weapons. The other half is 
concerned with research and de- 
velopment in other fields associated 
with nuclear energy. 

The little community of "100 
scientists and their families" is now 
a thriving community of about 
17,000. The Laboratory, which 
presently employs more than 6,000 
persons, is valued at $400 million. 
The yearly operating budget is 
more than $170 million. 

On September 1, 1970, Bradbury 
resigned as Director after 25 years 
in the post, and Harold M. Agnew 
succeeded him. 

Agnew has been closely associ- 

ated with the nuclear energy pro- 
gram since 1942 when he joined the 
University of Chicago group which 
worked with Enrico Fermi in achiev- 
ing the world's first nuclear fission 
chain reaction. On April 1, 1943, he 
came to Los Alamos where he 
made significant contributions to 
the work of developing the first 
atomic bombs. Agnew flew with 
the 509th Bombardment Group as a 
member of the scientific team on 
the first nuclear weapon strike 
against Hiroshima, Japan. 

Except for absences to earn his 
doctorate in physics and to serve as 
scientific advisor to the Supreme 
Allied Commander of NATO, he 
has been at Los Alamos ever since. 
He was head of the Weapons 
Physics Division when the Univer- 
sity of California Regents selected 
him as Director. 

Part of the downtown business district 





Faces 
And 
Places 

Arthur Machen at Ebeye Island 
steak fry 

In the western area 
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- . 1: t/lA v r  LA . ,)!I o 
Citouii leaders of €3-Division (1.0s Ahrr ios  BntnI, Preparation Division) met in y\l) I' ( 4  pc, ,Q, j L ! ~ 0  
the flag quarters of rho U . S . S .  Albeinorle, AV-5, before Operation 
Crossroads ily i i i e  P a c k  Atteruriling w t x ,  left. to right, Phil Barnes, 
vweapcineers, (:apt. Joliri King, seciirity, t1.E. !ic:hreiber, nuclear assembly, 
Glenn Fowler, insti urnontalicln, Royw S .  Warnt!t, division leader, William 
McCord, fusirlg and firing, ilob tlimd~:rson, enrlineering, Arthur Machen,  
mechanical ijss,etilbly, ;itd tl.  W. R ~ J s ; ~ ,  1ogi:;tic:; 


